Introduction {#s1}
============

Locomotor activity has traditionally been analyzed as an indicator of the effect or function of drugs, genes, and disease models. For example, methamphetamine, a psychostimulant, induces hyperactivity in mice \[[@r9]\] and rats \[[@r3]\]. In addition, the animal model of catalepsy, an activity disorder characterized by a trancelike state and constantly maintained immobility, has been widely used for pharmacological test of centrally-acting drugs \[[@r11], [@r16], [@r18]\]. Transgenic mice with chronic forebrain expression of a dominant negative mutant of DNA polymerase gamma 1 (*Polg1*) were found to exhibit lethargic behavioral changes, providing an animal model of depression \[[@r10]\]. Neuropeptide pituitary adenylate cyclase-activating polypeptide (*Pacap*) gene deleted mice were reported to exhibit abnormal hyperactive and jumping behaviors \[[@r5]\] that were reduced by group breeding \[[@r8]\]. Thus, analysis of locomotor activity has contributed to progress in the life sciences, as well as drug discovery and development.

Recent studies suggested that some factors related to the breeding environment (e.g., room light, feed, and shipping) affected the experimental measurement of locomotor activity. For example, intermittent long-wavelength red light from light-emitting diodes increased the period of daily locomotor activity in mice \[[@r7]\]. A ketogenic diet was found to disrupt the circadian clock and activity rhythms in mice \[[@r17]\]. In addition, a high fat diet was found to increase locomotor activity in rats that were administered cocaine \[[@r1]\], suggesting that feed composition affected the results. Two groups of rats that differed in shipping status (shipped from a commercial breeder at weaning or bred in-house) exhibited differences in locomotor activity and catalepsy test responses to the pharmaceutical action of haloperidol \[[@r21]\]. Thus, care should be taken to provide an appropriate breeding environment in experiments of locomotor activity.

Surgery, transportation, and cage exchange are factors that can result in environmental change and/or physical burden. It has traditionally been considered that animals should be left undisturbed in their home cage for several days to several weeks to recover and acclimatize after surgery and shipping. However, the length of time that locomotor activity is affected by surgery, shipping, and cage exchange is currently unclear. Specialized devices in the analysis room are required for many common experimental methods (e.g., the running-wheel activity test \[[@r6], [@r15]\], the home-cage activity test \[[@r13]\], and the open-field test \[[@r4], [@r12], [@r14]\]) for measurement of locomotor activity. Because of the particular features of these devices, it has traditionally been difficult to measure locomotor activity in multiple group-housed animals in any location other than the analysis room.

The nano tag^®^ is a novel device for measuring locomotor activity in experimental animals. Because this device is implanted subcutaneously and records data independently, measurement of locomotor activity does not require specialized cages or devices. This means that activity data can be collected from multiple animals at same time in the same cage, without constraining the testing location (http://www.sleepsign.com/nanotag/index.html). In addition, the nano tag^®^ enables the simultaneous measurement of the locomotor activity of all animals raised in the same home cage (group breeding), without specialized devices. In the present study, we evaluated the influence of shipping, operation, and cage exchange on the locomotor activity of group-housed rats using nano tags^®^.

Materials and Methods {#s2}
=====================

Animals
-------

Nano tag^®^ (ACOS, Nagano, Japan) implantation and breeding in the convalescence period were performed in Japan SLC (Shizuoka, Japan). After the convalescence period (18 days after the operation), animals were enclosed in a transportation box with bedding, feed, and agar jelly, and were transported to Shinshu University (Nagano, Japan) in an air conditioned van (transport distance: around 200 km; temperature in the transport van: 18--20°C). Jolting during transportation is a non-specific signal not derived from locomotor activity, and was measured with a nano tag^®^ attached to the box. A period of 24 h elapsed from packaging the animals (in Japan SLC) to arriving at a breeding room (at Shinshu University). After the acclimation period (22 days after arrival), data were collected and analyzed at Shinshu University. At Japan SLC and Shinshu University, animals were housed two per cage at 24 ± 2°C with 40% to 60% humidity and a 12-h light (7:00 to 19:00)/ 12-h dark (19:00 to 7:00) cycle, and were housed three per cage at 23 ± 3°C with 45% to 70% humidity and a 12-h light (9:00 to 21:00)/ 12-h dark (21:00 to 9:00) cycle, respectively. Animals had free access to tap water and standard chow (Japan SLC: Labo MR Stock; Nosan Corporation, Kanagawa, Japan/ Shinshu University: FR2; Funabashi Farm, Chiba, Japan). Measurement of body weight and cage exchange were performed once a week. The time-course of the experiment is shown in [Supplementary Fig. 1](#pdf_001){ref-type="supplementary-material"}.

This study was carried out in accordance with the Regulations for Animal Experimentation of Shinshu University and Japan SLC. In accordance with national regulations and guidelines, all experimental procedures were reviewed by the Committee for Animal Experiments and finally approved by the President of Shinshu University (Approval Number 280037) and the President of Japan SLC (Approval Number 16146), respectively.

Nano tag^®^ implantation
------------------------

In measurement with the nano tag^®^ device, activity is defined as cross count data, providing a count of the number of times the XYZ acceleration vector synthesized waveform crosses the threshold levels from bottom to top per recording interval (http://www.sleepsign.com/nanotag/spec.html).

Nano tag^®^ implantation was carried out at Japan SLC. Six male rats (F344/NSlc, 6 weeks of age) underwent implantation. The rats were anesthetized with 1.5% to 2% isoflurane. The back skin was then incised (1.5 cm), a nano tag^®^ was implanted subcutaneously, and the skin was sutured with a 4-0 silk suture. After the operation, 100 mg/kg ampicillin sodium (VICCILLIN; Meiji Seika, Tokyo, Japan) and 0.01 mg/kg buprenorphine hydrochloride (Lepetan; Otsuka Pharmaceutical, Tokyo, Japan) were injected subcutaneously. The rats were placed on a 37°C hotplate until waking. At Japan SLC and Shinshu University, the nano tag^®^ implanted rats were housed two per cage (total three cages) and three per cage (total two cages), respectively. The weight and size of the nano tag^®^ are shown in [Supplementary Fig. 2](#pdf_001){ref-type="supplementary-material"}.

Data collection
---------------

The data were collected 41 days after nano tag^®^ implantation. Because data were recorded while the nano tag^®^ was implanted, we used near field communication for data collection. The data were collected from nano tag^®^-implanted rats noninvasively using a FeliCa reader (PaSoRi RC-S380; SONY, Tokyo, Japan). By subtracting the jolting of the transportation box from the data, we obtained a measure of locomotor activity during transit. Nanotag/Viewer software (KISSEI COMTEC, Nagano, Japan) was used for the device settings and data output.

Statistical analysis
--------------------

Data were reported as the mean ± SD. Statistical comparisons between groups were carried out using Stat Mate statistical software (ATMS, Tokyo, Japan) or SPSS (IBM Corp., Armonk, NY). Data were analyzed using the Student's *t*-test (for comparison of two groups with equal variance), Welch's *t*-test (for comparison of two groups with different variances), or one-way analysis of variance (ANOVA) followed by the Tukey-Kramer test (for comparison between all means) or the Dunnett's test (for comparison between every mean and a control mean). In all analyses, *P*\<0.05 was taken to indicate statistical significance.

Results {#s3}
=======

The analysis of locomotor activity began the day after nano tag^®^ implantation. The results revealed no significant change in locomotor activity between 17 days after the operation (1 day before the transportation, light phase: 16,853 ± 2,434 count/12 h; dark phase: 50,669 ± 6,344 count/12 h) and the other days before transportation. On day 7 (light phase: 22,301 ± 6,578 count/12 h; dark phase: 47,906 ± 5,608 count/12 h) and 14 (light phase: 21,514 ± 2,910 count/12 h; dark phase: 46,529 ± 3,704 count/12 h), cage exchange and body weight measurement were performed at approximately 9:00 or 10:00 a.m. ([Figs. 1](#fig_001){ref-type="fig"}Fig. 1.Continuous activity counts for each rat during the convalescence and acclimation periods. Locomotor activity every 3 h. Dark-filled and non-filled areas in the graphs indicate the dark and light phases, respectively. The cross axle indicates the day after the operation. Each point is shown as ο: operation; \#: cage exchange; τ: transportation. and [2](#fig_002){ref-type="fig"}Fig. 2.Activity counts during the light and dark phases after surgery. Locomotor activity during light (A) and dark (B) phases (means + SD). The cross axle indicates the day after the operation. The day of cage exchange is shown as \#. Dunnett's test was performed between the data shown in the white (day 17) and black (other days) columns, revealing no significant difference. Each point n=6.).

When rats were in the transportation box, locomotor activity was significantly increased during both the light (44,096 ± 4,120 count/12 h) and dark (72,426 ± 5,250 count/12 h) phases, compared with 20 days after shipping (the day at which the most time had passed since transportation and cage exchange; light phase: 14,935 ± 4,605 count/12 h; dark phase: 51,735 ± 13,791 count/12 h). On the day of arrival at the breeding room, locomotor activity was increased only during the light phase (33,383 ± 2,894 count/12 h). Increased and decreased locomotor activity were observed during the light phase on days 2, 5, and 14 (20,570 ± 2,614 count/12 h; 27,309 ± 4,944 count/12 h; and 20,687 ± 2,302 count/12 h, respectively) and during the dark phase on days 4, 5, 6, and 9 (37,250 ± 4,085 count/12 h; 25,145 ± 6,484 count/12 h; 30,128 ± 1,756 count/12 h; 38,963 ± 4,933 count/12 h, respectively) after arrival, respectively. On days 7 (light phase: 19,014 ± 2,892 count/12 h; dark phase: 42,549 ± 4,242 count/12 h) and 14 (light phase: 20,687 ± 2,302 count/12 h; dark phase: 53,673 ± 4,950 count/12 h), cage exchange and body weight measurement were performed at around 10:00 a.m. ([Figs. 1](#fig_001){ref-type="fig"} and[3](#fig_003){ref-type="fig"}). On day 7 and day 14, locomotor activity during the light phase (12 h each) was changed 1.3 (non-significant) and 1.4 (significant) times compared with day 20, respectively ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Activity counts during light and dark phases after transportation. Locomotor activity during light (A) and dark (B) phases (means + SD). The cross axle indicates the day after the transportation. The day of arrival at the breeding room and cage exchange are shown as \$ and \#, respectively. \**P*\<0.05; \*\*\**P*\<0.001, compared with the white column (day 20); Dunnett's test. Each point n=6.).

Cage exchange and body weight measurement were performed at 10:17 to 10:25 a.m., revealing that locomotor activity was significantly changed at 0, 3, and 22 h after cage exchange (7,875 ± 910 count/h; 205 ± 72 count/h; 6,375 ± 777 count/h, respectively) compared with each time point on the eve of the next cage exchange (10:00, 13:00, and 8:00 on day 6 after the cage exchange: 1,120 ± 666 count/h; 1,704 ± 1,096 count/h; 2,865 ± 1,908 count/h, respectively) ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Locomotor activity after cage exchange. Activity counts every 1 h after cage exchange (means ± SD). Black and white circles show locomotor activity on the day of cage exchange and 6 days after the event (the eve of next cage exchange), respectively. Dark-filled and non-filled areas in the graphs indicate the dark and light phases, respectively. The time of cage exchange is shown as \#. \**P*\<0.05; \*\**P*\<0.01, compared between the same times on each day: Welch's *t*-test. \*\*\**P*\<0.001, compared between the same time on each day: Student's *t*-test. Each group n=6. *P*-values of F-test of equality of variances are indicated on [Supplementary Table 2](#pdf_001){ref-type="supplementary-material"}.).

The body weight of the rats significantly increased at 0, 7, 14, 18, 32, and 39 days after the operation (127.4 ± 3.22 g; 153.0 ± 5.7 g; 187.5 ± 6.6 g; 203.1 ± 7.0 g; 225.3 ± 8.6 g; 241.0 ± 9.3 g, respectively) compared with each of the preceding measurements. Body weight 7 days before the operation was 95.4 ± 1.2 g. In contrast, body weight did not increase 1 week after shipping (194.6 ± 7.0 g) ([Fig. 5](#fig_005){ref-type="fig"}Fig. 5.Growth curve of rats after the operation. Body weight measurements during the experiment (means ± SD). The day that nano tag^®^ was implanted is indicated as day 0. \**P*\<0.05; \*\*\**P*\<0.001, compared with each preceding measurement: Tukey-Kramer test. Each point n=6.). Each statistical *P*-values (Tukey-Kramer test) are indicated on [Supplementary Table 1](#pdf_001){ref-type="supplementary-material"}.

Discussion {#s4}
==========

Appropriate convalescence and acclimation are essential for accurate animal experiments. In the present study, we analyzed locomotor activity of group-housed rats using nano tags^®^, a novel device. The nano tag^®^ can simultaneously measure locomotor activity in all animals in the same cage. Furthermore, this device contains an internal battery and memory storage, and does not require other specialized devices (e.g., external power supply, infra-red sensor, camera, running-wheel, receiver for telemetry) to measure locomotor activity and record the data. These features enable activity data to be collected from any number of animals at any time, in any location. In many cases, purchased rats were transported using the same transportation box, then they kept in group-breeding situation. We propose that the nano tag^®^ is useful for understanding the activity of rats which are performed surgery (after waking), are transported, and are kept in a general breeding environment.

In addition, the nano tag^®^ can record its own temperature ([Supplementary Fig. 3](#pdf_001){ref-type="supplementary-material"}). However, the temperature of subcutaneous device may be affected by the temperature in the home cage. For accurate body temperature measurement, intraperitoneal implantation may be more suitable than subcutaneous implantation.

Following the operation to implant the device, optimized postoperative care is important for accurate measurement \[[@r19]\]. In the current study, after nano tag^®^ implantation surgery, locomotor activity was unchanged in rats. Nano tag^®^ may provide data that is one of the important index that can be evidence of experiment design.

In the present study, the locomotor activity of rats was significantly increased in transit during both the light and dark phases. Packing into the transportation box and jolting during transit may have stimulated rats. Locomotor activity changes were observed until 9 days after the shipping. Increased locomotor activity during the light phase on the day of cage exchange was likely to be caused by the maintenance. It is known that some factors related to the breeding environment (e.g., feed, bedding, cage material, cage size, and/or breeding rack) often differ between facilities.

Body weight gain was suppressed 1 week after transportation in nano tag^®^-implanted rats. In contrast, nano tag^®^ non-implanted rats did not show suppression of body weight gain after transit or after changing feed (Labo MR Stock to FR2) ([Supplementary Fig. 4 and Supplementary Table 1](#pdf_001){ref-type="supplementary-material"}). The nano tag^®^ implanted and non-implanted rats were obtained on different period. Some kind of factors (e.g., difference of jolting, transportation time, road condition during transportation, and some other factors) might affect body weight gain.

Cage exchange is important for appropriate animal experimentation. In the present study, we expected that cage exchange would also influence locomotor activity, which was measured after the maintenance. Locomotor activity was increased immediately after cage exchange, but returned to a normal level in a relatively short time. Subsequently, locomotor activity was no different from 4 to 21 h after cage exchange. At 6 days after cage exchange (the eve of the next cage exchange), a temporary increased in locomotor activity was observed at 13:00 (1,704 ± 1,096 count/h) compared with that at 12:00 (561 ± 162 count/h; *P*\<0.05, Tukey-Kramer test) and 14:00 (596 ± 276 count/h; *P*\<0.05, Tukey-Kramer test) in the same day. The cause of this temporary increase was not able to be identified, because some factors (e.g., feeding behavior, a person entering or exiting the breeding room, and/or outdoor noise) may have affected locomotor activity.

On the day of arrival to the breeding room, locomotor activity in the light phase (12 h each) was increased to 2.2 times of that 20 days after the transit (the day at which the most time had passed since transportation and cage exchange: control). In contrast, on the days of cage exchange, locomotor activity in the light phase (12 h each) increased to 1.3 to 1.4 times that in the control (day 20). These findings suggest that cage exchange had less influence on locomotor activity than transportation. In previous studies, acclimation periods for analysis of locomotor activity measurement varied from 2 days to 2 weeks \[[@r1], [@r17], [@r21]\]. These results and those of previous reports suggest that the optimal acclimation period differs between different breeding environments (e.g., house-bred \[non-transported\] or purchased \[transported\] animals).

It has been previously reported that animals subjected to environmental changes exhibit changes in physiology, including body weight, plasma hormonal levels, heart rate, and blood pressure changes \[[@r2], [@r20]\]. In the current study, we examined the influence of surgery, transportation, and cage exchange on locomotor activity using continuous measurement with a nano tag^®^ device. The results revealed that these factors impacted on the experimental results. Therefore, our findings support the notion that implementing appropriate convalescence and acclimation periods is necessary for accurate animal experiments. The current results may be helpful for informing the design of appropriate animal experiments for locomotor activity analysis.
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